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Saltwater intrusion is a major cause of coastal erosion. New hybrid bald cy-
press species have been shown to exhibit salinity tolerance compared to na-
tive bald cypress species. Planting these hybrids, or Nanjing Bot Garden ge-
notype (NBG), trees where their roots can stabilize soil and preserve land may 
reduce coastal erosion in areas subjected to saltwater intrusion. The purpose 
of this experiment was to determine whether or not selected bald cypress 
NBG genotype tree species survive better than native bald cypress trees in 
areas inundated with saline water. Leaves were harvested, dried and analyzed 
for their elemental concentration. NBG genotype trees excluded more sodium 
than native bald cypress trees. NBG genotype tree roots were also less effected 
by brackish water. Finally, the growth of the NBG genotype trees and the 
control were measured. All NBG genotype trees tested showed growth while 
the control trees maintained little or no growth, and a decrease in tree height 
in sodic soil. If these NBG genotype trees are subjected to a surge of brackish 
water, NBG genotype bald cypress trees may be used to stabilize soil that may 
be otherwise subject to coastal erosion. 
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1. Introduction 
Water is crucial for all forms of plant life. Living plants can contain up to 95% of 
water [1]. Saltwater intrusion occurs when excessive amounts of fresh water are 
pumped from aquifers at a faster rate than it can be replenished or mixed with 
saline water sources. Increasing populations in urban and rural areas have in-
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creased the demand for fresh water. To meet this demand, fresh water is being 
extracted from surface water and wells at a pace faster than it can be replenished 
[2]. This situation causes saltwater to intrude into water areas previously filled 
by freshwater. Research has proven that saltwater intrusion occurs due to the 
different densities of fresh and saltwater. The varying densities cause the two 
waters to mix as saltwater rises, thus the salty ocean water infiltrates freshwater, 
making the freshwater into brackish water, a mixture of fresh and saltwater [3]. 
Plants living in areas containing brackish water experience osmotic stress so that 
when a plant is surrounded by saltwater, it might end up in a negative osmotic 
pressure [4]. As a result, the plant will die of dehydration or ionic toxicity be-
cause it does not receive the freshwater it needs, or it declines from a nutrient 
imbalance. This is often seen in marshes and swamps. A swamp is defined as a 
place with woody plants such as cypress trees or mangroves, whereas a marsh 
has no woody plants. Both swamps and marshes must flood often and are areas 
of vast vegetation [5]. Research has established that certain vegetation found in 
marshes and swamps that osmotically can adjust from fresh to brackish water 
may help solve the issue of coastal erosion. Erosion is the gradual destruction of 
soil by natural forces such as water, wind or ice and has a negative effect on the 
environment. Half the topsoil on the planet has been lost in the last one hundred 
and fifty years, mostly due to erosion [6]. One woody tree, the bald cypress tree, 
is known to be particularly useful in Louisiana swamps for preventing erosion 
because their extensive root systems ability to survive inundation will stabilize 
soil, slowing down erosion [7]. However, bald cypress trees are also susceptible 
to saltwater intrusion. Saltwater inundates freshwater systems, causing trees to 
slowly decline which reduces soil stability and impacts the swamp ecosystem. 
Researchers hope that new NBG genotype selections of cypress trees may have a 
higher survival rate in increased levels of salinity, making it possible to restore 
bald cypress populations back in impacted areas, and thus reducing erosion in 
areas of saltwater intrusion [8]. The objective of this experiment was to study 
three t-NBG genotype bald cypress species to determine which selection survives 
and thrives in soil with a high salt concentration in attempt to reduce coastal 
erosion created by saltwater intrusion.  
One ecosystem subjected to saltwater intrusion where many bald cypress trees 
live is a swamp. Often confused with a marsh, a swamp has woody plants such as 
mangroves or cypress trees [5]. A swamp is an area of land permanently filled or 
covered with water. Trees are a vital part of swamps, and swamps are often even 
named for the trees that live in them. For a long period of time, people consi-
dered swamps to be a wasteland. Arbitrarily filling and draining swamps created 
a negative environmental impact on the swamp ecosystem. Now, ecologists un-
derstand that swamps are a transition between land and water; thus, considered 
a natural resource that contains large reservoirs for water, while filtering nu-
trients and soil solids.  
To understand the need for saltwater tolerant NBG genotype trees, it is neces-
sary to comprehend ideal conditions for freshwater plants. Plants need water, 
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nutrients, clean air, light, correct temperature, and space to expand. Plant 
growth is dependent on the essential plant nutrients for plant growth. The roots 
of a plant gather these essential nutrients from the soil surrounding its roots. 
These plant elements are used for plant growth and development and are essen-
tial for photosynthesis and reproduction [9]. Plants in a swamp are used as a bi-
ological filter reducing high loads of nutrients and suspended solids. 
There are many ways a freshwater tree may adapt itself in sodic soils. One way 
is exclusion, where a plant excludes salt through filtration in the roots. The root 
membrane in these plants prevents salt from infiltrating the roots while still al-
lowing water. These filters are susceptible to breaking down when waterlogged 
[10]. Another method plants use is defoliation. Defoliation includes the plant 
destroying or having widespread loss of leaves in order to rid itself of salt. The 
plant gathers the salt in its leaves and when the leaves fall off, there is ideally no 
excess salt in the plant’s system [11]. 
The elements in sea salt, sodium and chloride, are destructive to freshwater 
plants for several reasons. Sodium (Na), and chlorine (Cl), are the two elements 
that make up salt. Though an excessive amount of any nutrient can harmful to a 
plant, sodium and chloride can be phytotoxic. Sodium chloride dissolves easily 
in water, making it especially harmful to freshwater organisms living in water 
and soil [12]. Small quantities of chlorine in water can slow plant growth, but in 
large amounts chlorine can be phytotoxic. Many plant species can tolerate mod-
erate rates of chlorine, however plants that are more sensitive to chlorine can be 
damaged [13]. 
Freshwater is infiltrated by salt through the process of saltwater intrusion. 
Saltwater intrusion is defined as the induced flow of seawater into freshwater 
aquifers primarily caused by various types of groundwater development near the 
coast. Channelization is an example of a cause of saltwater intrusion. While 
man-made channels bring in boats, they also provide more entry ways for salt-
water to intrude. Another cause is groundwater being pumped excessively from 
aquifers forming a cone of depression in the freshwater area of the aquifer and 
leaving an area for saltwater to seep in. Induced gradients may cause saltwater to 
move from the ocean towards the well, making the freshwater in the well unsta-
ble. Louisiana marshes and swamps have also been negatively impacted by 
coastal subsidence causing saltwater intrusion [14]. Saltwater intrusion differs 
from the typical inland flow of freshwater from inland aquifers which replenish-
es areas so that the costal discharge areas move to the sea. The natural move-
ment of freshwater to the sea should prevent saltwater from entering aquifers. 
However, groundwater pumping and development prevents freshwater from 
flowing towards the costal discharge areas, which permits saltwater to intrude 
into the freshwater zone of the coastal aquifers [15]. Saltwater intrusion kills 
plants through osmotic stress or osmotic shock. When the salt concentration of 
fluids around the plant cells change suddenly, the cells undergo extreme osmo-
sis. Osmosis draws out substrates or any solute in the supernatant water [16]. 
Saltwater intrusion is an international problem because of many people waste 
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or overuse freshwater. After being used, groundwater that has been pumped is 
then treated and discarded into the ocean. This process results in millions of 
gallons of freshwater being removed from aquifers every day and that freshwater 
ultimately being replaced by saltwater. Some cities suffering from extreme salt-
water intrusion include Savannah, Georgia, Miami and Tampa Bay, Florida, and 
Los Angeles, California. Saltwater intrusion led to the abandonment of more 
than fifteen hundred wells between 1990 and 1997 near the Laizhou Gulf in 
China, and since 1940 more than one hundred wells have been abandoned just 
on the Cape May Peninsula in New Jersey. The government currently restricts 
water use from backyard wells simply in an effort to control saltwater intrusion 
in Perth, Australia.  
Additionally, saltwater intrusion is one large cause of Earth’s erosion. Half of the 
topsoil on the planet has been lost in the last one hundred and fifty years [6]. Al-
most two thirds of the human population live within 400 km of the ocean shore-
line, while just over half live within 200 km of the shoreline [7]. With humans liv-
ing so close to the disappearing shore, it is just a matter of time before many 
people’s homes are underwater. A solution to the issue of erosion caused by salt-
water intrusion may save countless lives and properties from irrevocable damage.  
The effects of soil erosion do not stop at loss of fertile land. Soil erosion leads 
to increased pollution, sedimentation in streams and rivers harms species living 
there, and even increases flooding because degraded lands are often less able to 
hold onto water. Vegetation on the shoreline provides a natural barrier to ero-
sion, though this barrier is rapidly disappearing [6]. Swamps containing bald 
cypress trees are fundamental for protecting some coastal areas from extreme 
coastal erosion and flooding which occurs during hurricanes. The swamps could 
be called the “speed bump” for a storm coming inland from the sea because the 
power of the storm is diminished when it must move over the swamps and 
bayous before it enters the mainland [17].  
Bald cypress trees have many uses other than for protection from erosion and 
natural disasters. The rot-resistant heartwood found in mature trees is used to 
make fence posts, doors, flooring, caskets, cabinetry, boats, and many other 
wood products. Bald cypress filter pollutants and prevent the pollutants from 
spreading. Frogs, salamanders, and toads use these tree ecosystems for breeding. 
Wood ducks may use a tree’s hollow trunk to nest in, while catfish spawn in the 
submerged hollow logs. Raptors commonly use the treetops to nest [7]. This tree 
species is invaluable in its contribution to wetland ecosystems worldwide.  
In order to determine how to protect this productive species and the coastline, 
Taxodium genotypes were tested in this project. The Taxodium distichum (L.) 
Rich. var. distichum (Bald Cypress) is native to the south eastern USA. This spe-
cies lives in humid and hot areas, but have been known to survive through tem-
peratures as cold as −29˚F. Taxodium survive in areas intermittently flooded, 
but only with freshwater [18]. Another species is the Taxodium distichum var. 
mexicanum (Carriere Gordon) (Montezuma Cypress) which commonly lives in 
areas in Mexico. The Montezuma Cypress lives in mostly arid and hot areas and 
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has moderate drought tolerance. This species can live in saline conditions [19]. 
The final trees used were the pond cypress which thrives in moist to wet soils 
that are not seasonally flooded. They are able to handle draught but prefer less 
fertile sandy soils when compared to the other two species [20]. A cross between 
the botanical varieties created by the Nanjing Bot Garden produces seedlings 
and selections from those could perhaps survive better in both flooded areas and 
sodic areas that have a broad temperature range. 
Why are these qualities necessary to reduce erosion caused by saltwater intru-
sion? An NBG genotype between the Montezuma cypress and bald cypress could 
potentially achieve several objectives in the war against erosion: Taxodium ge-
notypes may be able to live in submerged conditions, meaning that it could be 
planted in areas already eroding and solve erosion at its source by stabilizing the 
soil. An NBG genotype may be able to live in saline conditions, meaning the 
species could be planted in areas directly affected by saltwater intrusion and not 
be as affected. An NBG genotype may be able to live in a broad range of temper-
atures, meaning it could be planted around the world and be a relatively easy fix 
for a large problem. An NBG genotype will likely live for a long time, meaning 
the trees provide a long-term solution erosion in the areas they are planted. 
In this experiment the researcher will study the T. distichum in comparison to 
three NBG genotypes of the Taxodium species as they react to an increased 
amount of salty water in their environment. These NBG genotypes may have 
traits adopted from their parents [21]. If any of the NBG genotype trees can 
thrive in salty situations given their inherited salt and flood tolerance, they may 
present the solution to not only saltwater intrusion, but also to the loss of land 
caused by intrusion. 
2. Materials and Methods 
Fontainebleau State Park in Mandeville, Louisiana was the site selected for this 
experiment because of erosion saltwater intrusion. Ten one-gallon container 
plants of each of the four genotypes were planted in a color coordinated pin-
wheel design. Each tree was spaced six feet apart with a water source in the cen-
ter for the first 14 days of establishment. Five of each species was placed on each 
side of an imaginary diameter but the trees are otherwise randomized. 
Immediately after planting, the trees were watered and then measured. One 
month after the trees were planted, leaves were harvested dried at 65 C for 48 
hours and ground into a powder and analyzed by the LSU soil testing lab. Leaf 
tissue Na, Fe and Mn was measured. Quality ratings were measured on a 0% - 
100% plant health scale every 4 weeks. One year after the trees were planted, the 
soil in which they were planted was tested again for its salt concentration. After 
this, their height was measured again. This same day, leaf samples were taken 
again from the trees and the element concentration of the leaves was measured 
again. The heights and element concentrations before and after a year of the 
plants being established were then compared. 
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It should be noted that between the time trees were planted in field conditions 
and the one-year mark, they experienced intermittent flooding, tropical storms, 
and below freezing temperatures.  
Electrolyte leakage study was performed to determine root tolerance to brack-
ish water from the control bald cypress species and two species of NBG geno-
types. First, the trees were harvested and their roots were cleaned. Twelve root 
samples of the three tree selections were harvested and placed into 50 mL plastic 
containers with distilled water. Roots were then placed into their respective salt 
concentrations of either 0 ppt salt, 10 ppt salt, or 20 ppt salt. The roots in the 
plastic containers were emptied into the labeled Erlenmeyer flasks and randomly 
placed on a circular orbiter. 
 
 
Photo of circular orbiter holding flasks.  
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The circular orbiter was placed on a low setting and the roots were left to 
slowly rotate in their salt concentration for 48 hours. Then, the roots were taken 
from the flasks, rinsed over a sifter with distilled water, and placed back into the 
flask with distilled water this time. Following another 48 hours, the roots were 
taken out of the water and root leakage of sodium was measured with a TDS 
meter. This procedure was determined in preliminary research [22]. After each 
experiment, data was collected, and the research was transferred into an excel 
chart to be analyzed. 
3. Results and Discussion 
It has been determined that different NBG genotypes may be the solution to the 
global issue of saltwater intrusion as they have shown to be significantly more 
tolerant to saline conditions than native bald cypress trees. It is observed that the 
T-406 genotype is the most successful at excluding salt based on Figure 1 and it 
can therefore be concluded that this genotype would be best suited to combat 
saltwater intrusion around the world. 
The first phase of the experiment involved testing the leaves of each individual 
tree for the concentration of each element it contained and giving each a health 
rating. By proving that each of the genotype’s leaves had a significantly lower 
sodium concentration than the native bald cypress tree, it became a possibility 
that trees in this genotype used exclusion as a method for omitting salt from 
their systems. Also, by comparing the salt concentrations of the leaves after one 
month and one year, the researcher was able to conclude through results that 
the new genotype trees become more resistant to saltwater intrusion as time 
passes as seen in Figure 1 and Figure 2. Finally, in Figure 3 and Figure 4, the 
health rating of almost all hybrids was shown to be statistically higher than the 
control both times they were rated with the T-406 being rated most healthy 
both times. 
As an addition to the first phase of research, foliage samples from the same  
 
 
Figure 1. The concentration of sodium present in the foliage November 2016 Fontaineb-
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Figure 2. The concentration of sodium present in the foliage at Fontainbleu November 
29, 2015 (error bars represent significance at the 0.05 level).  
 
 
Figure 3. Influence of saline soil on the growth of bald cypress trees November 1, 2015 
(error bars represent significance at the 0.05 level). 
 
 
Figure 4. Influence of saline soil on the growth of bald cypress trees November 29, 2015 
(error bars represent significance at the 0.05 level).  
 
NBG genotypes in the Galveston area were collected, tested for sodium content, 
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much lower sodium content than the Fontainebleau trees, and showed the T-405 
as having significantly less sodium in foliage samples as seen in Figure 5. This 
may be due to little to no exposure to intermittent flooding and could be basis 
for future research. 
The growth of the three NBG genotypes trees and the bald cypress control 
trees was documented at their initial planting and one year later. After compar-
ing the two times in Figure 1 and Figure 2, it was discovered that almost all new 
genotype trees experienced significant growth in the one-year time span while 
the control trees experienced little growth or even a decline in height (tip di-
eback). NBG genotype trees experience overall significant height increase which 
is further proof that the NBG genotypes are capable of thriving when planted in 
salt-challenged soil. 
The second phase of research was conducted in a lab on the roots of two NBG 
genotype species and one control species. This experiment ended with several 
interesting observations seen in Figures 6-8. First, the bald cypress control tree  
 
 
Figure 5. The concentration of sodium present in the foliage November 2016 Galveston 
planting site (error bars represent significance at the 0.05 level).  
 
 
Figure 6. Comparison of root electroconductivity in the control cypress when soaked in 
various concentrations of sodium chloride for 48 hours (error bars represent significance 
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Figure 7. Comparison of root electroconductivity in the T-406 hybrid when soaked in 
various concentrations of sodium chloride for 48 hours (error bars represent significance 
at the 0.05 level).  
 
 
Figure 8. Comparison of root electroconductivity leakage in the T-407 hybrid when 
soaked in various concentrations of sodium chloride for 48 hours (error bars represent 
significance at the 0.05 level).  
 
roots jumping from a significant difference in 0 ppm and 10 ppm to no signifi-
cant difference between concentrations 10 ppm and 20 ppm means that imme-
diately after exposure to saltwater, the roots began to deteriorate. The NBG ge-
notype roots, on the other hand, had no significant difference in the root leakage 
between any concentrations. This uniformity is crucial in the understanding that 
the NBG genotype trees are more tolerant to brackish water and can withstand 
saline conditions. 
The NBG genotype trees may have thrived in saline conditions for many rea-
sons. One adaptation method is defoliation. Defoliation includes the plant hav-
ing harmful leaves of some sort which causes the plant to cause widespread loss 
of its leaves. In the case of this experiment, the plant would gather the harmful 
salt in its leaves and when the leaves fall off, there would ideally be no excess salt 
in the plant’s system. Another method the trees may have used is exclusion. This 
method involves the plant having the ability to exclude salt through filtration in 
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roots while still allowing water assimilation. Scientists Schachtman et al. (1990) 
determined the variations of salt tolerance in hexaploid wheat (Triticum aesti-
vum). They identified highly tolerant accessions that may be useful for improv-
ing the salt tolerance of bread. To discover which accessions would be tolerant to 
the salt the researchers looked at the concentration of Na+ in the plant’s leaves. 
By testing the leaves, the researchers were examining the plants’ ability to ex-
clude salt in their surrounding soil so that it would not be present in the plants’ 
leaves [23]. Therefore, data suggests that exclusion was probably the method of 
sodium exclusion in this experiment. 
With the growing problem of saltwater intrusion around the world, the need 
for a solution is needed greatly. Research done on coastal tree species in 1990 
showed the exact destructive potential brackish water could truly have. Coastal 
tree species exposure to saline flooding resulted in foliage damage, and enorm-
ous reductions in carbon assimilation rates. The trees responded morphologi-
cally through gas exchange rate reductions. Once the water’s salinity increased to 
over 50 mol−3 (3ppt), researchers observed leaf burning and carbon assimilation 
rates of 84% in some seedlings. This experiment, along with others proving it 
correct, demonstrated the crippling effects saltwater intrusion has on leaves, net 
carbon assimilation, and seedling mortality [24]. If nothing is done about this 
issue, certain habitats may be completely lost along with the natural range of 
those habitats. 
The idea of using salt tolerant plants as a preventative method for erosion has 
been put in place before. In fact, many areas already use salt tolerant plants as 
their main preventative method for eroding land. Species tolerant to saline soils 
or salt spray are typically grasses, shrubs, or short deciduous trees with a need 
for well drained soils. The few tall trees that are tolerant to saline soils or saltwa-
ter spray require well drained soils [25]. 
The novelty of this research lies in the fact that NBG genotype trees or any 
form of trees capable of being submerged are largely unused as a method of ero-
sion prevention. If groups of the NBG genotype trees were instated along coas-
tlines experiencing erosions due to saltwater intrusion, said erosion may be pre-
vented by the trees’ root matrix holding soil. The NBG genotypes are ideal for 
areas most susceptible to severe erosion as they may grow up to 50 - 100 feet, can 
grow in a variety of climates and soils, are capable of surviving in submerged 
conditions, and survive in extreme weather. These NBG genotypes may offer a 
plant-based solution for erosion in saline conditions.  
4. Conclusions 
A series of conclusions are apparent through the several experiments conducted 
in this research. 
1) All NBG genotypes were able to exclude salt from their leaves more suc-
cessfully than the control bald cypress trees both one month and one year after 
the trees were planted.  
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2) All NBG Genotypes are able to grow in one year in saline conditions while 
the control bald cypress tree did not.  
3) The roots of the NBG genotype trees deteriorate less in brackish water than 
the control bald cypress species’ roots. 
4) The T-406 genotype was the most successful out of the NBG genotypes at 
excluding salt in foliage tests, root evaluation, and growth. 
5) Over time, NBG genotypes may become more resistant to saline conditions. 
Overall, NBG genotype trees seem to be more tolerant to increased levels of 
sodium chloride than native bald cypress trees. This offers hope that trees may 
be altered to be better adapted to prevent wetland erosion.  
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Acronyms and Definitions 
Phytotoxic—toxic to plants 
TDS meter—Total Dissolved Solids. 
NBG—Nanjing Bot Garden 
BC—Baldcypress —Taxodium distichum (L.) Rich.var. distichum 
PC—Pondcypress—Taxodium distichum var. imbricarium (Nutt.) Croom 
MC—Montezuma cypress—Taxodium distichum var. mexicana Gordon 
 
 
